Brain-derived neurotrophic factor (BDNF) has a crucial role in activity-dependent synaptic plasticity and learning and memory. The human functional single-nucleotide BDNF rs6265 (Val66Met) polymorphism has been found to be associated with alteration in neural BDNF release and function correlating with altered emotional behavior. Here, we investigated for the first time the hypothesis that this polymorphism in humans modulates the context dependency of conditioned fear responses. Applying a new paradigm examining generalization of cued fear across contexts, 70 participants stratified for BDNF Val66Met polymorphism were guided through two virtual offices (context) in which briefly illuminated blue and yellow lights served as cues. In the fear context, one light (conditioned stimulus, CS þ ) but not the other light (CS À ) was associated with an electric shock (unconditioned stimulus, US). In the safety context, both lights were presented too, but no US was delivered. During the test phase, lights were presented again both in learning contexts and in a novel generalization context without any US. All participants showed clear fear conditioning to the CS þ in the fear context as indicated by potentiation of startle responses and reports of fear. No fear reactions were found for the CS þ in the safety context. Importantly, generalization of fear responses indicated by the potentiation of startle response to the CS þ compared with the CS À in the novel context was evident only in the Met-carrying group. These are the first results to provide evidence in humans that BDNF modulates the generalization of fear responses. Such contextdependent generalization processes might predispose Met carriers for affective and anxiety disorders.
INTRODUCTION
Learning and memory are central mechanisms for adaption and survival. Whereas cue conditioning is thought to be a good research model for anxiety disorders characterized by phasic fear (eg, specific phobias), context conditioning is assumed to be relevant for anxiety disorders characterized by sustained anxiety (eg, panic disorder or post-traumatic stress disorder; Bouton et al, 2001; Craske et al, 2009; Davis et al, 2010; Mineka and Zinbarg, 2006) . In addition, processes such as deteriorated extinction of fear memories and enhanced generalization of fear responses to other cues may contribute to the development and maintenance of anxiety disorders (Bouton et al, 2006; Dunsmoor et al, 2011; Lissek et al, 2005 Lissek et al, , 2010 .
An important vulnerability factor believed to affect the acquisition and extinction of fear is the functionality of brain-derived neurotrophic factor (BDNF). BDNF, a member of the neurotrophin family (Thoenen, 1995) , is centrally involved in long-term potentiation (LTP) and adult synaptic plasticity (Bramham and Messaoudi, 2005; Korte et al, 1995; Tyler et al, 2002) . Although BDNF is found throughout the entire brain, high concentrations have been observed mainly in regions involved in learning and memory (eg, hippocampus, amygdala, cerebral cortex, and cerebellum; Conner et al, 1997; Hofer et al, 1990) . In humans, the single-nucleotide BDNF rs6265 (Val66Met) polymorphism leads to an exchange of amino acids from valine (Val) to methionine (Met) at codon 66 (Egan et al, 2003; Thoenen, 1995) . In vitro studies investigating the functional effects of this polymorphism confirmed substantially less BDNF release in hetero-and homozygous BDNF Met-carrying cells than in homozygous BDNF Val cells (Chiaruttini et al, 2009; Egan et al, 2003) . Thus, met carriers are likely characterized by a reduced BDNF synaptic functionality.
The importance of the BDNF Val66Met polymorphism for anxiety has been suggested by animal and human studies using associative learning paradigms. Two animal studies revealed an impaired context-dependent memory for BDNF þ /Met and BDNF Met/Met mice compared with wild-type mice, whereas no effects for amygdala-dependent cue conditioning were found (Chen et al, 2006; Liu et al, 2004) . These authors also found a reduced volume of the hippocampus due to an altered dendritic morphology of the gyrus dentatus (Chen et al, 2006) and thus suggest that the context-specific impairment may be due to reduced BDNF signaling in the hippocampus. Moreover, this alteration in the hippocampal anatomy was associated with enhanced anxiety-like behaviors. Because extinction learning is strongly context and hippocampus dependent (Bouton et al, 2006) , effects of BDNF Val66Met polymorphism on extinction learning have to be expected too. Indeed, BDNF Met-carrying mice showed impaired extinction learning after aversive cue conditioning (Yu et al, 2009) . Moreover, fear extinction was impaired by hippocampus-specific deletion of BDNF (Heldt et al, 2007) , and correlates with epigenetic regulation of the BDNF-encoding gene (Bredy et al, 2007) .
Human studies have found mixed results. Whereas a study with a large sample found no modulation of cue conditioning by the Val66Met polymorphism (TorrentsRodas et al, 2012) , two other studies reported reduced cue conditioning in Met-carrying participants (Hajcak et al, 2009; Lonsdorf et al, 2010) . The discrepancies between these studies might be due to the different sample sizes of the homozygote Met/Met carriers in the studies (n ¼ 3 in both Hajcak et al, 2009 and Lonsdorf et al, 2010;  and n ¼ 10 in Torrents-Rodas et al, 2012), or due to the different kinds of paradigms used (for further discussion, see Kalisch, 2011 and Torrents-Rodas et al, 2012) . However, on the basis of these studies it remains unclear whether the Val66Met polymorphism of the human BDNF gene is specifically involved in hippocampus-dependent learning or rather mediates both hippocampus-and amygdala-dependent learning. Another study (Soliman et al, 2010 ) directly compared cued aversive conditioning and extinction in mice and humans and found further support for the role of the BDNF Val66Met polymorphism in context-dependent learning. Thus, BDNF polymorphism had no effect on cued conditioning, but on extinction where Met carriers responded with greater amygdala and less hippocampus as well as ventromedial prefrontal cortex (vmPFC) activation than homozygous for the Val allele.
Overall, there is convergent evidence from animal studies that BDNF Val66Met polymorphism is particularly involved in hippocampus-dependent learning such as the acquisition of contextual fear and the extinction of cued fear. Regarding fear generalization studies on the influence of BDNF are lacking, although generalization is actually discussed to contribute to pathological fear (Lissek, 2012) and has recently been found to be hippocampus dependent (Lissek et al, 2013) . Only two human studies have investigated the influence of the BDNF polymorphism on generalization of conditioned fear over cues and found no reliable effect (Hajcak et al, 2009; Torrents-Rodas et al, 2012) . Nevertheless, generalization of conditioned fear to novel contexts has to be expected because it is hippocampus dependent and may be a relevant mediator of pathological fear.
The present study examines in humans whether the BDNF Val66Met polymorphism modulates the interplay between contextual and cued fear conditioning. On the basis of the suggested association among BDNF, hippocampus, and context conditioning, we were particularly interested in investigating whether fear responses to a cue might be generalized in a novel context. To this end, we designed a differential aversive cue conditioning paradigm in which the meaning of a cue is clarified by the information entailed by the context. To this purpose, we made the cue conditioning dependent on context, ie, a cue predicted an unconditioned stimulus (US) in one specific context (fear context) but the same cue was not followed by an US in another context (save context). This design should lead to cue conditioning as well as background context conditioning (see Baas et al, 2004 and Phillips and LeDoux, 1992) . Most importantly, during the following generalization phase, the conditioned stimuli were presented without the US in the fear context, the safety context, and a third novel context (the generalization context). Fear responses to the cues and the contexts were separately assessed using self-reported anxiety and startle responses (see Baas et al, 2004 and Phillips and LeDoux, 1992) . We expected deteriorated background context conditioning, deteriorated extinction, and enhanced context-related generalization of aversive cue conditioning over contexts in Met compared with Val/Val carriers.
MATERIALS AND METHODS

Participants
Ninety-three healthy German volunteers were selected from a genetic data bank of 512 persons recruited from a genetic screening project (Collaborative Research Center SFB-TRR 58, project Z2). In a double-blind design, participants were chosen on the basis of their BDNF Val66Met polymorphism. The study was approved by the ethic board of the Medical Faculty of the University of Würzburg. All participants gave their informed consent and received 25h for their participation.
Participants were ascertained to have an absence of axis I mental disorders by trained psychologists using the German version of the Mini International Neuropsychiatric Interview (MINI; Lecrubier et al, 1997) . Participants suffering from a specific phobia were excluded only if their trait anxiety scores were high (T-scoresp60; transformation performed within the gender and age groups of participants). On the base of this criterion, six participants (four homozygous Val carriers and two Met carriers) were excluded. Students of psychology were also excluded because of possible confounding factors due to their studies.
Nineteen participants (6 Val/Val, 2 Met/Met, and 11 Val/ Met) were excluded from the analysis: 12 because of technical problems, 2 because they felt asleep, 2 because they interrupted the experiment, and 3 because the US electrodes dropped off during the experiment. Four additional participants (3 Val/Val and 1 Val/Met) were excluded because of low startle amplitudes (overall mean amplitude below 5 mV). 
Genotyping
DNA was extracted from 18 ml EDTA blood using a standard de-salting protocol. BDNF genotype was determined using a standard protocol (Hünnerkopf et al, 2007) . Briefly, a 274-bp amplicon was amplified by PCR using a reaction mix containing 20 ng of genomic DNA in 75 mM Tris-HCl (pH 9.0), 20 mM ammonium sulfate, 0.01% Tween-20, 1.5 mM magnesium chloride, 0.4 M of each of the primers (5 0 -AAA GAA GCA AAC ATC CGA GGA CAA G and 5 0 -ATT CCT CCA GCA GAA AGA GAA GAG G), 0.4 mM dNTP, and 1 U Taq polymerase. After an initial denaturation step at 95 1C for 5 min, 35 cycles of denaturation at 95 1C for 30 s, annealing at 55 1C for 40 s, and extension at 72 1C for 50 s were performed, followed by a final extension at 72 1C for 5 min. PCR products were digested with NlaIII and visualized on an agarose gel.
Stimulus Material
The US was a 200-ms cutaneous electric pulse applied to the left forearm by a constant-current stimulator (DS7A, Digitimer, Letchworth Garden City, UK) at each individual's pain threshold, which was determined before the experiment (see Andreatta et al, 2010) . Groups did not differ in pain threshold (Val/Val group: 2.61 mA, SD ¼ 1.34; Met-carrying group: 2.3 mA, SD ¼ 0.90, n.s.) or in US evaluation both before (Val/Val group: 5.31, SD ¼ 1.21; Met-carrying group: 5.4, SD ¼ 1.17, n.s.) and after (Val/Val group: 4.94, SD ¼ 1.44; Met-carrying group: 4.5, SD ¼ 1.69, n.s.) the experiment.
Cues and contexts were created with the Source Engine (Valve Corporation, Bellevue, USA). Three virtual reality (VR) offices served as contexts (ie, a fear context, a safety context, and a generalization context; Glotzbach et al, 2012) . The three offices differed in furniture and window views (skylines, mountains, and village). The choice of the three office rooms was based on the intention to use stimuli of the same category to exclude preexisting different emotional value of contexts (Dunsmoor et al, 2011; Lissek et al, 2010) . The three rooms represented the fear, the safety, or the novel context (see procedure), counterbalanced among participants. Two colored lights (blue and yellow) switched on for 8 s while participants were within the contexts served as conditioned stimuli (CS þ and CS À ). Contexts and colored lights were counter balanced among participants. Notably, the choice of the three office rooms was due to the intent to use stimuli of the same category in parallel to previous generalization studies (Dunsmoor et al, 2011; Lissek et al, 2010) .
The virtual environment was displayed by a Z800 3D Visor head-mounted display (HMD; eMagin, Hopewell Junction, USA). The head position was monitored with an electromagnetic tracking device (Patriot, Polhemus, Colchester, USA) to adapt the field of view. The software CyberSession (built in-house) was used to control the experimental paradigm.
A burst of white noise of 95 dB with a duration of 50 ms presented binaurally over headphones served as a blinkeliciting (startle) stimulus.
Procedure
After arrival in the laboratory, participants filled out the informed consent, electrodes were attached, and the pain threshold was assessed. Participants were instructed that they would be guided into several virtual offices where a lamp would turn on and off, and electrical stimuli as well as loud white noises would be also presented. Before beginning, three startle stimuli were delivered to decrease the initial startle reactivity. Afterwards, participants underwent a habituation phase, in which they freely explored the three contexts by means of a joystick for 2 min each. In each room, two additional habituation startle stimuli were delivered to decrease the initial reactivity of the startle response and reduce habituation during the experimental phases (see Grillon et al, 2006) . The groups did not prefer one room more than the other one for their first (w
During the acquisition phase, participants entered two out of three offices. A trial started in the middle of a corridor, the participant was then guided through the office for 2.5 min by a prerecorded path and ended with the exit from the office. Participants were always able to adapt their line of sight in the VR by head movements. Room entrance was pseudo-randomized, that is, the same room was not entered more than twice in a row. This phase consisted of four guided tours through the fear context, and four tours through the safety context. During each trial, a blue and a yellow light (CS þ and CS À ) was turn on three times, that is each light was presented 12 times in each context. The US was presented at CS þ offset in the fear, but not in the safety context. In both contexts, the CS À was never associated with the US. The time between one light's offset and the next light's onset varied between 9 and 21 s (mean: 15 s). To measure cue conditioning, six startle stimuli were presented during the CS þ and six during the CS À in the fear context. The same was done in the safety context. Six additional startle stimuli were delivered in each room during periods when the lights were turned off to measure context conditioning. Altogether, 36 startle stimuli were delivered. The time between two startle probes varied between 15 and 30 s. The minimum interval between the startle stimuli and the US was 10 s to avoid influence of the shock on the startle reaction (see Grillon et al, 2006) .
The generalization test consisted of six trials lasting 2.5 min each. A trial started from the middle of the corridor, then participants were passively guided through the fear, the safety contexts, or a novel office (the generalization context), and ended with the exit from the room. Sequence of contexts was balanced across participants thus each context could have been entered as first. Each room was entered twice. The two lights were presented three times in each room, meaning six presentations of the CS þ and six presentations of the CS À in each context. No US was delivered. Five startle stimuli were delivered during the CS þ and five during the CS À in each context. Five additional startle stimuli were presented in each room when the lights were turned off to measure context conditioning. Altogether, 45 startle probes were delivered during the test.
Anxiety ratings of the lights and the offices were registered after the habituation phase, the acquisition phase, and the generalization test using a visual analogical scale (VAS) ranging from '0' (no anxiety at all) to '100' (high anxiety). No differences were detected in anxiety rating after the habituation phase (ps40.193). In addition, we collected ratings for the valence and the arousal of the lights and the offices as well as participants' contingency ratings. These ratings are reported in the Supplementary Material (see Supplementary Table 2) .
Physiological Recording and Data Reduction
The eye-blink component of the startle reflex was measured by electromyography (EMG) of the left orbicularis oculi muscle with one 5 mm Ag/AgCl electrode placed under the pupil of the left eye and the second one at B1 cm laterally, and registered continuously with a V-Amp 16 (BrainProducts, Munich, Germany) at a sampling rate of 1000 Hz. Startle data were first filtered using a 28-Hz low cutoff filter and a 500-Hz high cutoff filter. A moving average of 50 ms was applied, and then the myographic signal was rectified. The baseline for the EMG level was set 50 ms before startle stimulus' onset (Grillon et al, 2006) . The peak amplitude of the blink reflex was defined as the maximum of the integrated response curve in the 20-ms to 120-ms time window following the onset of the startle stimulus relative to baseline. Responses to startle stimuli were scored automatically, but coding was controlled and revised manually by an assessor blind to group membership. Trials with excessive baseline shifts or movement artifacts were excluded. A minimum of two valid startles per condition was required for inclusion in the analysis. On average, we excluded 5.6% of startle responses for the Val/Val and 7.2% for the Met-carriers group (t(68) ¼ 1.14, p ¼ 0.257). To reduce the inter-individual variability, raw data were standardized using z-score and T-score conversions (Blumenthal et al, 2005) and then averaged for each condition (CS þ and CS À ) in each context (fear, safety, and generalization contexts) separately for the acquisition phase and the generalization test. Additionally, skin conductance was assessed (for method and results, see Supplementary Material).
Data Analysis
Cue and context conditioning data were analyzed separately for the acquisition phase and the generalization test (Baas et al, 2004) . Cue conditioning was analyzed with repeated measures ANOVAs with the between-subjects factor BDNF genotype (Val/Val, Met carrying) and the within-subject factors cue (CS þ and CS À ) and context (acquisition phase: fear and safety; generalization test: fear, safety, and generalization). Responses to the contexts alone (ie, between CS presentations within a given context) were considered for context conditioning and analyzed with ANOVAs with the between-subjects factor BDNF genotype (Val/Val, Met carrying) and the within-subjects factor context (acquisition phase: fear and safety; generalization test: fear, safety, and generalization).
RESULTS
Acquisition of Conditioned Responses to Cues
Startle. Analyses revealed significant main effects of context (F(1,68) 
Discrimination of Contexts During Acquisition
Startle. Analyses of the startle responses to the contexts alone (ie, between CS presentations within a given context) Figure 1 Startle responses to cues during acquisition. Black bars indicate the startle amplitude to the stimulus associated with the US in the fear but not in the safety context (CS þ ) and white bars indicate the startle amplitude to the non-reinforced stimulus (CS À ). *po0.05.
revealed a main effect of context (F(1,68) Table 1 and Figure 2) , even if these results should be confirmed in further studies.
Anxiety ratings. Descriptively, after the acquisition phase, participants rated the fear context as more anxiety inducing than the safety context, although the main effect of context just failed to reach significance (F(1,68) ¼ 3.77, p ¼ 0.056) (see Table 1 ). No further effects were significant (ps40.84).
Generalization Test: Contextual Modulation of Cued Fear Responses
Startle. Startle amplitudes to cues were modulated by the context and by the participants' BDNF genotype (Cue Â Context Â BDNF genotype interaction: F(2,136) ¼ 4.14, p ¼ 0.021; see Figure 3 ). Follow-up ANOVAs within context conditions revealed the following: First, for the fear context, a significant main effect of cue (F(1,68) 
Context Effects During the Generalization Test
No significant results were found for the startle responses or anxiety ratings assessed for the contexts alone (ie, between CS presentations within a given context) (all ps40.25) (see Table 1 ).
DISCUSSION
In this study, a new human paradigm examining generalization of cued fear across contexts was established using VR to create contexts (virtual rooms) and cues (lights within rooms). During the acquisition phase, differential conditioning to a CS þ vs a CS À was implemented in the fear context, whereas the same cues were presented without consequences in the safety context. During the generalization test that followed, both cues were presented again in the fear context, the safety context, and a third novel context without any US presentation. The developed experimental paradigm did work successfully as indicated by the following findings: First, contextmodulated differential cue conditioning as enhanced anxiety ratings and potentiated startle responses to the CS þ compared with the CS À were apparent only in the fear but not in the safety context. Second, we observed context effects during acquisition as indicated by enhanced anxiety ratings and potentiated startle responses in the fear context compared with the safety context. Importantly, these context effects were measured when only the context, but no cue was presented. Third, during the generalization test, we observed lasting differential conditioning effects in the fear but not in the safety context. Finally, in the novel context we found no overall differential responses to the CS þ compared with the CS À , thus confirming a recent study with humans that revealed that aversive cue conditioning does not generalize to a novel context that was not presented during acquisition (Huff et al, 2011) . We conclude that in humans cued fear responses can be learned specifically for the given acquisition context.
The main goal of our study was to evaluate the influence of the BDNF Val66Met polymorphism on context-dependent learning of cue-associated fear and safety (ambiguity) (Bouton, 2002) as well as the generalization of such learning to a novel context. First, as expected from animal studies (Chen et al, 2006; Liu et al, 2004) , startle responses to the contexts alone (ie, in the absence of cues) suggest impaired background context-conditioning effects during acquisition in the Met-carrying participants; their startle data indicated on a trend level that they are less able to distinguish the fear from the safety context. Notably, US presentation was at the offset of CS þ and although this is a common procedure in cue conditioning in humans, this might have caused a direct association between the US and the context to some degree (background conditioning). Considering that anxiety patients are less able to discriminate between danger and safety signals (Lissek et al, 2005) and that they generalize more their fear responses (Lissek et al, 2010) , one might speculate that such 'direct' US-context association is affected by the BDNF Val66Met polymorphism. However, more participants should be tested to confirm this result.
Second and most important, we revealed with the generalization tests that Met carriers but not Val/Val participants generalize cued fear responses to the novel context; only Met carriers showed potentiated startle responses to the CS þ compared with the CS À in the novel context. This effect was restricted to the novel context. Both Val/Val participants and Met carriers exhibited potentiated startle responses to the CS þ compared with the CS À in the fear context and no startle potentiation to the CS þ in the safety context. These effects cannot be explained by different reactions to the novel context between groups, since no differences between groups were found in reactions to contexts alone during the generalization test. We conclude that after establishing ambiguity of conditioning by making the cued fear signal context dependent during acquisition, Val/Val participants may Figure 3 Startle responses during the generalization test. Black bars indicate the startle amplitude to the CS þ , white bars represent the startle amplitude to the CS À presented separately for the fear, safety, and novel contexts. In the novel context, only the Met-carrying group reacted with an enhanced startle amplitude to the CS þ , indicating a cue-conditioned fear generalization to novel contexts. *po0.05.
generalize safety learning (no US after CS þ in the safety context) to the novel context, whereas Met carriers may generalize fear learning (US after CS þ in the fear context) to the novel context. This fundamental difference in the generalization after establishing the context-dependent ambiguity of a cue might contribute to the development of anxiety disorders because generalization of fear responses is evident in anxiety disorders, such as panic disorder, agoraphobia, and post-traumatic stress disorder (see Lissek, 2012) . In the same vein, Met carriers in our study reacted to the CS þ in the novel context as in the fear context.
We think that the Met-carrying group was less able to learn the association between context and conditioned fear than the Val/Val group and therefore showed enhanced generalization of cued fear to the novel context. One might argue that our safety periods during acquisition served as extinction phases and consequently that our results could be explained by differences between groups in extinction learning, eg, insufficient extinction learning in Met carriers. However, the observed pattern of results cannot be explained by differences in extinction during the safety periods in the acquisition phase because of the following reasons: first, responses during the acquisition phase clearly indicate that participants learned to fear the CS þ specifically in the fear context. Simultaneously, no differences were found between CS þ and CS À in the safety context. A similar context specificity effect has been seen in an earlier human conditioning study (Huff et al, 2011) , thus confirming the validity of these findings. Importantly, we found no effect of genotype on these results, thus we have no hint for deficits in cue conditioning or extinction. Second, extinction deficits in Met carriers should have resulted in differences in response to the CS þ compared with the CS À during the generalization test not only in the novel context, but also in the fear and the safety contexts. We did not find such differences. Further research should focus on the specific mechanisms of the genetic modulation of fear generalization across contexts and on the impact of this generalization on anxiety disorders.
We found no effects of the BDNF Val66Met polymorphism on aversive cue learning in the fear context, a finding that is in accordance with two animal studies (Chen et al, 2006; Liu et al, 2004) and one recent human study (Torrents-Rodas et al, 2012) . By contrast, two human studies reported distinct influences of the BDNF Val66Met polymorphism on cue conditioning meaning that Met carriers showed impaired conditioning (Hajcak et al, 2009; Lonsdorf et al, 2010) . In our study, descriptively and contrary to these results the CS þ /CS À differentiation in the fear context seems to be enhanced; however, this effect is not confirmed statistically and therefore should not be interpreted. Moreover, differences in paradigms might also account for the inconsistencies in the results especially in cue conditioning. Since the Lonsdorf et al and Hajcak et al studies realized cue conditioning paradigms and we used a cue-across-context fear-generalization paradigm that established ambiguity of conditioning, the results could not be directly compared and the discrepancy in results might be due to this methodological difference. In contrast to the previous studies, our fear conditioning paradigm calls for a contextual differentiation of the fear expression, and thus we would suggest to have investigated hippocampusdependent learning.
Interestingly, the modulatory effect of the BDNF Val66Met polymorphism was evident only for startle responses, which can be considered as an implicit measure of fear (Andreatta et al, 2010) , but not for explicit self-report data. This modulatory effect cannot attribute to the anxiety level of the participants, because the groups reported comparable anxiety at the beginning of the experiment. Additionally, we found no differential effects between groups for skin conductance (see Supplementary Material). This is not surprising because previous studies found skin conductance to be unaffected by genetic predispositions (Hajcak et al, 2009; Lonsdorf et al, 2010) . However, our results confirm once more the power of the startle response as a crucial translational measure of emotional processing. Startle responses are directly modulated by emotional networks involving the amygdala (Lang et al, 2000) and more closely represent the activity of fear circuitries than self-report or skin-conductance data (Hamm and Weike, 2005) . Because of these reasons and because rating data are more susceptible to demand and social influences, startle response may be considered as the most important measure in translational research on fear and anxiety (Davis et al, 2010) .
According to previous findings, contextual fear learning is mediated by the hippocampus together with the amygdala. The BDNF gene mediates the traffic of the BDNF protein in the central nervous system and is implicated in the maintenance of the LTP in the hippocampus (Egan et al, 2003; Korte et al, 1995) . LTP is the molecular mechanisms for synaptic plastic and therefore of learning and memory. Reduced hippocampal BDNF signaling was found to be associated with the BDNF Met genotype (Chen et al, 2006) . One assumption is that our BDNF Val66Met effects on generalization depend on hippocampus BDNF activity, since the hippocampus mediates contextual learning. However, recent animal research also confirmed a modulatory effect of the BDNF Val66Met polymorphism on neural activity within the medial prefrontal cortex (Graybeal et al, 2011; Pattwell et al, 2012) , and the prefrontal cortex is centrally involved in the control of emotional networks and the activity of the amygdala after conditioning (Klumpers et al, 2010) . Therefore, the BDNF modulation of fear generalization across contexts has to be further examined to unravel the underlying neural mechanisms. One limitation of this study is that we presented the US with the offset of the CS þ and the context was visible during the CS presentation, thus participants might associate the US not only with the CS þ , but also with the context. Further experiments should consider presenting the CS during the CS þ and/or fading out the context during CS presentation. Another limitation is the choice of a minimum of one third valid startle responses for a given condition only, ie, two out of six possible responses for the learning phase and two out of five possible responses for the generalization test. However, more strict criteria causing further exclusions would have limited the statistical power. For future studies, we recommend to increase the number of participants per group to be able to apply more restrictive exclusion criteria. Moreover, the sample under investigation consisted mainly of students having a mean age of 24 years, and it is well known that BNDF activity depends on age (Kennedy et al, 2009) . Thus, further studies should compare different age cohorts to search for differences in the modulation of BDNF on fear generalization across contexts. Furthermore, we did not investigate a group of patients who had an anxiety disorder. Thus, extrapolation of our results to the development or maintenance of anxiety disorders is speculative and has to be confirmed in further studies comparing healthy participants and patients with specific anxiety disorders (eg, agoraphobia).
Taken together, this is the first human study revealing evidence that the BDNF Val66Met polymorphism affects context conditioning as well as the generalization of cue conditioning to novel contexts after establishing contextdependent ambiguity. The enhanced fear generalization found in Met carriers might contribute to their vulnerability to emotional disorders (Davis et al, 2010) . Further studies might identify the neural correlates (Pattwell et al, 2012) , investigate age and gender effects , and may also include epigenetic aspects of the mediation of the BDNF Val66Met polymorphism for the development, maintenance, and therapy of emotional disorders (Boulle et al, 2011) .
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